T he TipCharger process is a new and advanced alternative to the use of solvents for cleaning the contaminated probe surfaces of fluid delivery systems or the use of disposable tips to eliminate the need for cleaning. Recent improvements in plasma generating technology allow this robust and reliable protocol to be routinely used in the laboratory.
PLASMA
Plasma is a form of matter consisting of a mixture of neutral particles, positive ions (atoms or molecules that have lost one or more electrons), and negative electrons. Artificially created plasmas have many practical uses. Electricity turns the gas in neon lighting into plasma giving off light. Arc welding uses high temperature plasma to fuse pieces of metal.
Plasma technology is widely used in manufacturing to apply coatings to glass to prevent scratching and filter selective wavelengths, alter the properties of metals to make them more wear resistant and clean computer chips without solvents.
IONIZATION
The atom is commonly used to describe the smallest bit of matter. It has a nucleus surrounded by one or more negatively charged particles called electrons. Ionization Energy (or "oxidation potential") is the energy necessary to completely remove an electron from orbit around an atom. Passing sufficient electric current to reach the Ionization Energy through a gas will free electrons and generate plasma. While the plasma is maintained, these electrons move independently of their nuclei. A molecule that loses one or more electrons has a positive charge and is an ion.
When there is more than one electron around the nucleus, ionization energies can be described for each electron. The energy threshold needed to remove electrons increases with each electron removal. The major constituents of air, nitrogen and oxygen, have ionization energies (V i ) as follows:
An Ionizing Collision arises from high-energy impacts of free electrons into other molecules. A free electron can ionize a molecule it hits if the free electron's kinetic energy is greater than the ionization energy of the molecule hit. surfactants, acids, washing with solutions and sometimes a solution that replaces the original contamination. The use of organic solvents has been a major improvement over aqueous washes because of generally lower residues, better solubility and easier evaporation. The downside is that organic waste, either liquid or gas, poses an environmental hazard. Liquid waste can be especially difficult to handle and properly dispose of if the cleaning process adds a biohazard to the solvent. The disposal of biohazard solvents is costly and subject to regulatory control in most countries.
An option that has wide acceptance in many laboratories is the use of disposables. The disposable, typically a molded plastic item, eliminates the need for cleaning. It often provides a higher level of cleanliness than could otherwise be obtained. Sometimes the use of a disposable is the best alternative based on the technical complexity of the wash cycle and/or cost considerations for waste handling and disposal.
THE TIPCHARGE R PROCESS -CLEANING
In the laboratory, plasma has primarily been used in vacuum chambers for many applications, including cleaning, etching and coating. Until recently, the technology to generate and maintain low temperature plasmas at atmospheric pressure was unknown. It has always been easy to generate atmospheric plasmas but, except for arc welding and other high temperature uses, the technology has been impractical. The current success in low temperature plasma generation is based on an electrode design that cannot arc.
The TipCharger process is an atmospheric pressure implementation of classic vacuum plasma cleaning technologies in use for many years. The instrument has been designed specifically to meet the cleaning and conditioning requirements associated with manual and automated small volume fluid transfers in the laboratory. It incorporates the latest technical advances in plasma generation to eliminate arcing. Many of the technologies used by the TipCharger apparatus to generate low temperature atmospheric plasma are patented or patent pending.
As plasma is generated, huge numbers of free electrons collide with the solvent and solute molecules transferring energy from the free electrons to the molecules that are hit. These molecules are instantly ionized and react with the surrounding ionized oxygen in a rapid oxidative process. At the end of this process (lasting only milliseconds for any molecule) the organic molecules have broken down into constituent atoms and reacted with oxygen. It produces a small amount of gas and no solid or liquid waste.
Depending upon the length of plasma generation, the level of contamination removal can approach the extreme limits of analytical measurement. The TipCharger process uses a plasma well or tunnel to clean the surfaces. The plasma can be precisely timed to the millisecond. The power output is equally precisely controlled in tenths of watts per cubic centimeter. Current instruments reach a 10 6 reduction in concentration in less than a second. The process is quick and highly reproducible. Reductions in concentration of 10 6 to 10 12 can be achieved in processing times that are consistent with high throughput sample processing.
The flexibility in the design of the plasma generating electrode allows hundreds or thousands of the plasma wells or tunnels to be built into the instrument. Optimum configurations to clean and condition microplate sized arrays, pin tools, spray heads and virtually any other type of fluid transfer device are easily fabricated.
The system controller may incorporate a spectrophotometer to provide real time analysis of constituents of the plasma. As an option, the analyzed data can be used to adjust the length and intensity of the plasma output when the amount of fluid being removed is variable or unknown.
THE TIPCHARGER PROCE SS -CONDITIONING
The process not only ionizes the organic molecules but also leaves a layer of long-lived excited state atoms on the treated surface. This charged layer acts as a uniform coating that has no surface imperfections.
Plasma comes in contact with the external and internal surfaces of the fluid transfer device to be cleaned and conditioned. The material treated can be Teflon, metal, plastic, glass or any other material suitable for a fluid handling device.
All fluids exhibit surface tension and other cohesive forces. As the fluid moves out of the fluid transfer device, new forces are encountered and balanced. The shape of the fluid changes. The effect of the charged layer is to attenuate the forces from the device surfaces that might otherwise overcome the cohesive forces of the fluid. The process thereby eliminates the pulling off of microbubbles, the trapping of fluid by surface imperfections and other loss from the main droplet during transfer.
When comparing identical systems, with and without this technology, those with TipCharger deliver consistently better precision and accuracy. TipCharger process equipped system performance will approach the theoretical accuracy of the physical hardware. TipCharger technology is available for retrofit onto many brands of fluid handling instrumentation and soon directly from a number of manufacturers when purchasing new systems. TipCharger ® is a Registered Trademark of Microplate Automation, Inc.
